Introduction {#S0001}
============

Gastric cancer (GC) is the third leading cause of cancer-related deaths worldwide and poses a significant threat to human health.[@CIT0001] According to GLOBOCAN, 780,000 cases of GC-related deaths occurred worldwide each year, for which GC ranked third in males and fifth in women.[@CIT0002] And, in China, approximately 290,000 people die of GC every year. The key to reducing the GC mortality lies in early diagnoses and comprehensive, effective treatments. Although the current advanced diagnostic techniques and comprehensive treatment strategies have greatly improved from earlier years, being able to diagnose patients with GC early continues to be challenging, and no significant improvements the prognoses of patients with advanced GC have occurred. Therefore, searching effective biomarkers and specific therapeutic targets is an urgent task for early diagnoses and effective treatments of GC patients.[@CIT0003]

Long non-coding RNAs (long ncRNAs) are a class of single-stranded RNA molecules over 200 nucleotides in length that do not encode proteins. At first, researchers considered that lncRNAs were a by-product of the transcription process,[@CIT0004] but in recent years, additional evidence suggests that lncRNAs are dysregulated in a variety of tumors and are associated with tumor recurrences and poor prognoses.[@CIT0005],[@CIT0006] Usually, dysregulated lncRNA expression affects cellular biological functions, including cell proliferation, invasion, metastases, angiogenesis, and apoptosis resistance.[@CIT0007],[@CIT0008] And these lncRNAs are involved in tumor progression mainly through silencing tumor suppressor genes and activating oncogene expression.[@CIT0009],[@CIT0010]

SBF2-AS1 has been shown to be involved in the development of tumors such as hepatocellular carcinoma,[@CIT0011] cervical cancer,[@CIT0012] esophageal squamous cell carcinoma,[@CIT0013] and non-small cell lung cancer (NSCLC).[@CIT0014] Lv et al[@CIT0014] reported that SBF2-AS1 was significantly upregulated in NSCLC and that SBF2-AS1 expression was related to lymph node metastasis and advanced TNM stages. Moreover, SBF2-AS1 downregulation inhibited cellular proliferation and metastasis of NSCLC cell lines, and Zhao et al[@CIT0015] reported similar results. Chen et al[@CIT0013] found that SBF2-AS1 was overexpressed in ESCC tissues, which upregulated SBF2-AS1 expression and was associated with tumor sizes and TNM stages, and that SBF2-AS1 promoted cellular proliferation and invasion by regulating CDKN1A expression. Li et al[@CIT0016] reported that lncRNA SBF2-AS1 acted as an oncogene via the micro RNA (miR)-140-5p/TGFBR1 axis in hepatocellular carcinoma, and a similar conclusion was reported in another study.[@CIT0011] So SBF2-AS1 plays a vital role in promoting tumor progression. However, the role of SBF2-AS1 in GC has not been elucidated; and therefore, this study aimed to explore the mechanism of SBF2-AS1 in GC through the gene expression omnibus (GEO) and the cancer genome atlas (TCGA) database, in addition to experiments in tumor tissues, and in vivo and in vitro validation studies.

Materials And Methods {#S0002}
=====================

Search Strategy And Study Selection {#S0002-S2001}
-----------------------------------

GEO profiles ([<http://www.ncbi.nlm.nih.gov/geoprofiles/>]{.ul}) and datasets ([<http://www.ncbi.nlm.nih.gov/gds/>]{.ul}) were searched to analyze SBF2-AS1expression in GC. We only collected on the GPL570 platform (Affymetrix Human Genome U133 Plus 2.0 Array, HG-U133_Plus_2), which minimized impacts on heterogeneity and searched as of March 1, 2019. The key words for the searches were "SBF2-AS1" OR "Long noncoding RNA SBF2-AS1" OR "LncRNA SBF2-AS1" AND "gastric cancers" or "gastric neoplasm."

Specimens And Cell Lines {#S0002-S2002}
------------------------

GC and adjacent normal tissues were surgically collected from 93 patients at the Beijing Tongren Hospital, Capital Medical University (Beijing, China) between 2012 and 2016. No treatments were conducted before sample collection. Clinicopathologic information was collected including gender, age, TNM stage, lymph node and distant metastases, and tumor differentiation. This study was approved by the ethics committee of the Beijing Tongren Hospital and performed according to the Declaration of Helsinki. Written informed consent was obtained from all of the patients.

The human GC cell lines, AGS, MKN45, HGC27, and SGC7901 were purchased from the Cancer Hospital of the Chinese Academy of Medical Sciences (Beijing, China). The MKN28 and normal gastric (GES) cell lines were purchased from the Chinese Academy of Sciences (Shanghai, China). Cells were cultured with RPMI 1640 containing 10% fetal bovine serum (FBS) (Gibco, Grand Island, NY, USA), 100 U/mL penicillin, and 100mg/mL streptomycin (Invitrogen, Carlsbad, CA, USA) at 37 °C in 5% CO2.

Cell Transfection {#S0002-S2003}
-----------------

The SBF2-AS1 short-hairpin loop RNAs (shRNAs), SBF2-AS1 wild-type plasmids, SBF2-AS1 mutant plasmids, pCMV-E2F3 plasmids, and empty vectors were constructed by BIOREE Technology (Beijing, China). The micro RNA (miRNA) mimics and inhibitors were synthesized by BIOREE Technology (Beijing, China). The Lipofectamine 2000 reagent (Thermo Fisher Scientific, Waltham, MA, USA) was used for cell transfections according to the manufacturer's instructions. SBF2-AS1 sh1 sense (204 site), 5ʹ-CAGAAGGAGUCUACUGCUAAG-3ʹ, and antisense, 5ʹ-UAGCAGUAGACUCCUUCUGG G-3ʹ, SBF2-AS1 sh2 sense (1021 site), 5ʹ-GCAAGCCUGCAUGGUACAUTT-3ʹ, and antisense, 5ʹ-AUGUACCAUGCAGGCUUGCTT-3ʹ. miR-302b-3p mimics (UAAGUGCUUCCAUGUUUUAGUAG) and normal control (NC) mimics (UUCUCCGAACGUGUCACGUTT)

RNA Extraction And qRT-PCR Analysis {#S0002-S2004}
-----------------------------------

The TRIzol reagent (Invitrogen, Karlsruhe, Germany) was used to extract the total RNA from the collected samples following the manufacturer's instruction. The expression levels were confirmed using the Fast Start Universal SYBR Green Master (Roche, USA). We used Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and U6 to normalize expression. 2−ΔΔCt was used for data analysis. The primers are shown in [Table 1](#T0001){ref-type="table"}.Table 1The Primers Of lncRNA And mRNAsNameForward (5ʹ-3ʹ)Reverse (5ʹ-3ʹ)SBF2-AS1CACGACCCAGAAGGAGTCTACCCCGGTACCTTCCTG TCATAmiR-302b-3pGCGTAAGTGCTTCCATGTTTCCAGGGACCGAGGAE2F3CAGGCTGGTTTCGGAAATGCTGGACTTCGTAGTGCAGCTCU6CTCGCTTCGGGCAGCACAAACGCTTCACGAATTTGCGTGAPDHAGCCACATCGCTCAGACAGCCCAATACGACCAAATCC

Cell Viability Assay {#S0002-S2005}
--------------------

Cell viability was detected using a CCK-8 assay according to the manufacturer's instructions (Dojindo Laboratories, Kumamoto, Japan). Cells were seeded in 96-well plates (1×10^3^/well). A total of 10 μL of the CCK-8 solution were added into the cultures, and then the cultures were incubated for 2 hrs at 37°C. We then measured the spectrophotometric absorbance at 450 nm. All experiments were performed in triplicate.

Xenograft Experiments {#S0002-S2006}
---------------------

Animal studies were based on the Guide for the Care and Use of Laboratory Animals and conducted in accordance with the protocol approved by the Shanxi Medical University Application for Laboratory Animal Welfare and Ethical Committee. Six-week-old BALB/c nude mice were used for this study, and MKN28 cells (1×10^7^ cells/mouse) from different groups were injected subcutaneously into the left flank of the mice. After three weeks, the mice were sacrificed, and tumor weights and volumes were evaluated.

The Wound Healing Assay {#S0002-S2007}
-----------------------

The wound healing assay was used to investigate cell migration. For this assay, cells were cultured at a density of 1 × 10^5^/mL in serum-free DMEM media and 6-well plates. A wound was made along the center of each well, and the cell debris gently washed off with PBS. A microscope with an attached camera was used to acquire the photomicrographic images at 0 and 24 hrs. All experiments were performed in triplicate.

The Transwell Assay {#S0002-S2008}
-------------------

The effect of SBF2-AS1 on cell invasion was investigated using the transwell chamber system (8 μm pore size; Costar) with Matrigel (BD Biosciences, San Jose, CA, USA). Briefly, 1×10^5^ cells in serum-free medium were added into the upper chamber of the transwell with Matrigel. Six hundred microliters media supplemented with 10% FBS was added to the lower chamber. After 24 hrs, the non-invading cells were removed, and the cells that migrated to the bottom of the membrane were stained with crystal violet. Then, the cells were counted in 5 randomly selected fields under the microscope at 200× magnification.

Apoptosis And The Cell Cycle Analysis {#S0002-S2009}
-------------------------------------

Fluorescein isothiocyanate (FITC)-Annexin V staining was used for the apoptosis analysis. After double-staining with Annexin V-FITC and propidium iodide (PI) according to the manufacturer, the cells were analyzed with a flow cytometer (BD Accuri C6 flow cytometer, BD Biosciences). The percentage of Annexin V- and PI-positive cells were analyzed using CellQuest software (BD Biosciences). Cells incubated with RNase and stained with PI were used for cell cycle analysis according to the flow cytometry protocol.

Luciferase Reporter Analysis {#S0002-S2010}
----------------------------

pGL3-luc-SBF2-AS1 was constructed by inserting the wild-type (WT) or mutant (Mut) of the SBF2-AS1 or E2F3 3ʹ-UTR sequence, which contains the miR-302b-3p targeting sites into the pGL3 promoter vector (BIOREE, Beijing, China). For reporter assays, MKN28 and HGC27 cells (3×10^4^/well) were seeded into 24-well plates and cultured overnight. The miRRibo^TM^ mimics or miR-Ribo^TM^ negative control and the Mut reporter plasmid were used to co-transfect the cells using Lipofectamine 2000 (Invitrogen). The dual-luciferase reporter assay system (Promega) was used to analyze the relative luciferase activity, and Renilla luciferase was used as the internal control.

Western Blotting {#S0002-S2011}
----------------

The antibodies, E2F3 (1:1,000, Abcam, Cambridge, UK), N-cadherin (1:1,000, CST), vimentin (1:1,000, Cell Signaling Technology, Danvers, MA, USA), E-cadherin (1:1,000, Cell Signaling Technology, Danvers, MA, USA), and GAPDH (1:1,000, Cell Signaling Technology, Danvers, MA, USA) were used for Western blot analysis. Total protein was extracted from GC cells using the radioimmunoprecipitation assay (RIPA) buffer (Thermo Fisher Scientific) and bicinchoninic acid (BCA) Kit (Cwbiotech, Beijing, China) to quantify protein concentrations. Ten percent sodium dodecyl sulfate-polyacrylamide gel electrophoresis was used to separate proteins, which were transferred to polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA). Five percent non-fat milk in Tris-buffered saline with Tween-20 (TBST) was added to the membrane for 1 hr to block non-specific protein interactions. Then, the appropriate individual primary antibody was used to incubate with the membranes overnight at 4°C. The membranes were washed three times with 1 × TBST, and primary antibody binding of the membranes was detected by incubating with appropriate secondary antibodies at room temperature for 50 mins. Eventually, an enhanced chemiluminescence system (EMD Millipore) was used to detect signal expression.

Statistical Analysis {#S0002-S2012}
--------------------

The GraphPad Prism 6 software (GraphPad Software Inc., La Jolla, CA, USA), SPSS 22.0 software (IBM, Armonk, NY, USA) and STATA 14.2 (StataCorp LLC., College Station, TX, USA) were used for the statistical analyses. All experiments were performed in triplicate, and the data are represented as the mean ± SD. Comparisons among all groups were analyzed using the one-way analysis of variance test or unpaired Student's *t*-test.

Results {#S0003}
=======

A Meta-Analysis Examining The Expression And Prognostic Value Of lncRNA SBF2-AS1 {#S0003-S2001}
--------------------------------------------------------------------------------

We first explored SBF2-AS1 expression levels in GC tissues using a meta-analysis, as shown in [Table 2](#T0002){ref-type="table"}. Five datasets with 545 cancer tissues and 106 non-cancer tissues were enrolled from the GEO database and TCGA dataset. The pooled results indicated that SBF2-AS1 expression was overexpressed in cancer tissues (standardized mean difference \[SMD\] = 5.65, 95% CI = 4.16--7.15, P \< 0.001, [Figure 1A](#F0001){ref-type="fig"}), and next we analyzed the prognostic value of SBF2-AS1, as shown in [Table 3](#T0003){ref-type="table"}. Five studies with 987 patients were included in this meta-analysis, and the pooled hazard ratios (HRs) showed that high SBF2-AS1 expression was related to poor overall survival (OS) (HR = 1.48, 95% CI = 1.19--1.78, P \< 0.01, [Figure 1B](#F0001){ref-type="fig"}). Together, the meta-analysis indicated that SBF2-AS1 was overexpressed in cancer tissues and that SBF2-AS1 overexpression was correlated with poor OS. Next, we performed a receiver operator characteristic (ROC) curve to evaluate the diagnostic value of SBF2-AS1 expression from the TCGA dataset ([Figure 1C](#F0001){ref-type="fig"}). The area under the ROC curve (AUC) was 0.72 (95% CI, 0.63--0.80), indicating that SBF2-AS1 could be a reliable biomarker for the diagnosis and prognosis of gastric cancer.Table 2Characteristics Of Studies Based On Affymetrix Human Genome U133 Plus 2.0DatasetCountryTested SubstanceTumor Tissue/CaseNormal Tissue/ControlNo.MeanSDNo.MeanSDGSE13911ItalymRNA3869.039.8293135.554.739GSE54129ChinamRNA1114.210.338213.8850.043GSE79973ChinamRNA107.0540.268105.8060.3186GSE19826ChinamRNA12126.716.631296.018.164TCGAmRNA375316.210.2632185.521.17 Table 3OS Of Characteristics Of Studies Based On Affymetrix Human Genome U133 Plus 2.0AccessionCountryNo. Of High ExpressionNo. Of Low ExpressionCut-Off ValueHRGSE15459Switzerland12671541.59(1.05--2.41)GSE22377Germany2419732.17 (1.01--4.68)GSE51105Australia5340521.46(0.9--2.36)GSE62254USA822011251.39 (0.95--2.03)TCGA226145921.47 (1.05--2.06) Figure 1The expression and prognostic value of SBF2-AS1 in Gastric Cancer. (**A**) Forest plot of studies evaluating the expression of SBF2-AS1 in gastric cancer. (**B**) Forest plot of studies evaluating the relationship between SBF2-AS1 expression and overall survival (OS). (**C**) The ROC curve for SBF2-AS1 expression in gastric cancer. (**D**) The expression of SBF2-AS1 in gastric cancer and adjacent normal tissues. (\*\**P*\<0.01). (**E**) The Kaplan-Meier analysis was used to analyze the association between SBF2-AS1 expression and overall survival (OS). The bar graphs represent data as the mean ± SD of three repeated experiments.

lncRNA SBF2-AS1 Is Overexpressed In GC Tissues And Associated With Poor Prognoses {#S0003-S2002}
---------------------------------------------------------------------------------

Next, we explored SBF2-AS1 expression using qRT-PCR. SBF2-AS1 expression was higher in tumor tissues compared with the adjacent non-cancer tissues ([Figure 1D](#F0001){ref-type="fig"}). Then, we used the median SBF2-AS1 expression to divide the expression into high and low groups. To begin, we analyzed the relationship between SBF2-AS1 expression and clinicopathologic features, as shown in [Table 4](#T0004){ref-type="table"}. SBF2-AS1 expression was related to tumor invasion depth and TNM stage, but not to gender, age, differentiation, or lymph node and distant metastases. A Kaplan-Meier analysis was then performed, and the log rank test demonstrated that upregulated SBF2-AS1 expression was related to shorter OS ([Figure 1E](#F0001){ref-type="fig"}, P \< 0.001). Moreover, we evaluated the prognostic value of SBF2-AS1 using multivariate Cox analyses ([Table 5](#T0005){ref-type="table"}). The results showed that SBF2-AS1 could be used as an independent prognostic factor to determine OS (HR=4.45, 95% CI: 2.013--9.837).Table 4Expression Of SBF2-AS1 And Clinicopathological Parameters In GCClinicopathological FeaturesSBF2-AS1Tp-valueHigh ExpressionLow Expression**Age(y)**\<6013171.220.27≥603528**Gender**Male29321.180.28Female1913**Pathological stage**Differentiated13150.430.51Undifferentiated3530**Tumor depth**T1-T28164.330.04\*T3-T44029**Lymph node metastasis**N09163.340.06N1-33929**Distant metastasis**M040411.250.26M184**TNM stage**I-II18296.750.009\*III-IV3016[^2] Table 5Univariate And Multivariate Analysis Of Factors Associated With Overall SuvivalVariablenUnivariate AnalysisMultivariate AnalysisHR(95% CI)PHR(95% CI)PAge0.576NA\<60301.357(0.6896--2.671)≥6063Gender0.682NAMale611.186(0.5934--2.372)Female32Pathological stage0.060.118G1-G2281.937(0.956--3.555)G365AJCC pathological T0.0940.712T1-T2231.865(0.9214--3.774)T3-T461AJCC pathological N0.00170.319N0253.129(1.584--6.181)N1-358AJCC pathological M0.007M0812.297(1.165--8.305)2.304(1.033--5.154)0.041M112TNM stage\<0.00010.005I-II474.103(2.161--7.793)3.134(1.410--6.944)III-IV46SBF2-AS1\<0.0001\<0.0001High484.462(2.495--9.214)4.450(2.013--9.837)Low45

lncRNA SBF2-AS1 Is Overexpressed In GC Cell Lines, And SBF2-AS1 Knockdown Suppresses The Proliferative Capacity Of GC Cell in vivo and in vitro {#S0003-S2003}
-----------------------------------------------------------------------------------------------------------------------------------------------

To investigate SBF2-AS1 function in GC, we detected SBF2-AS1 expression in GC cell lines and found that SBF2-AS1 was upregulated in GC cell lines compared with the normal GES cell line ([Figure 2A](#F0002){ref-type="fig"}), and HGC27 and MKN28 had the highest expression, so we chose the HGC27 and MKN28 for further research. We transfected the HGC27 and MKN28 cells with sh-SBF2-AS1, and as shown in [Figure 2B](#F0002){ref-type="fig"}, SBF2-AS1 expression was significantly downregulated. The CCK-8 assay ([Figure 2C](#F0002){ref-type="fig"}) was conducted to evaluate GC cell proliferation, and the results indicated that SBF2-AS1 downregulation suppressed the proliferative capability of GC cells，and we also performed BrdU assay to dectect the proliferation of GC cells, the results were similar to CCK-8 assay ([[Figure S1A](https://www.dovepress.com/get_supplementary_file.php?f=210697.docx)]{.ul}). Next, we explored the role of SBF2-AS1 in vivo by injecting HGC27-sh1, HGC27-sh2, and HGC27-sh-NC cells into nude mice ([Figure 2D](#F0002){ref-type="fig"}), and the results showed that tumor volumes were significantly decreased in the sh1 and sh2 groups compared with the shNC group ([Figure 2E](#F0002){ref-type="fig"}) and that tumor weights were similar to tumor volumes ([Figure 2F](#F0002){ref-type="fig"}). We also wanted to determine the effect of SBF2-AS1 on the cell cycle and apoptosis ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). The results indicated that SBF2-AS1 downregulation could promote apoptosis and arrest GC cell cycle arrest in the G0/G1 phase. Thus, the in vivo and in vitro validation demonstrated that proliferation was inhibited by downregulating SBF2-AS1 expression in gastric cancer cell lines.Figure 2SBF2-AS1 knockdown inhibited gastric cancer cell proliferation. (**A**) The expression of SBF2-AS1 in gastric cancer cell lines was measured using qRT-PCR; U6 was used as an internal reference. (**B**) SBF2-AS1 expression in the short-hairpin loop (sh) NC, sh1 and sh2 groups was measured using qRT-PCR; U6 was used as an internal reference (\*\**P*\<0.01). (**C**) The Cell Counting Kit-8 (CCK-8) assay detected the cell viability (\**P*\<0.05). (**D**) Representative images of the tumor sections. (**E**) Tumor volumes were calculated, and those of the sh groups were smaller than those of the normal control (NC) groups (\**P*\<0.05). (**F**) Tumor weights were calculated, and those of the sh groups were smaller than those of the NC groups. The bar graphs represent data as the mean ± SD of three repeated experiments (\**P*\<0.05).Figure 3SBF2-AS1 knockdown promoted GC cell apoptosis and cell cycle arrest cell in the G0/G1 phase. (**A**) The effect of SBF2-AS1 on the cell cycle in the different groups and SBF2-AS1 knockdown caused arrest cell cycle arrest in the G0/G1 phase (\**P*\<0.05, \*\**P*\<0.01). (**B**) The effect of SBF2-AS1 on apoptosis and SBF2-AS1 knockdown promotes apoptosis (\*\**P*\<0.01). The bar graphs represent data as the mean ± SD of three repeated experiments.

SBF2-AS1 Knockdown Suppressed The Migration And Invasion Of GC Cells And The Epithelial-Mesenchymal Transition (EMT) {#S0003-S2004}
--------------------------------------------------------------------------------------------------------------------

To explore the effect of SBF2-AS1 on migration and invasion in GC cell lines, wound healing and transwell assays were conducted using HGC27 and MKN28 cell lines. As shown in [Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}, SBF2-AS1 downregulation reduced cell migration in the wound healing assay, similar to what was seen in the transwell assay ([Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}), where cell invasion decreased in the sh groups compared with the normal groups, which indicated that SBF2-AS1 promotes the migration and invasion of GC cells. In addition, we conducted Western blot analysis to study the effects of SBF2-AS1 on the EMT, which included E-cadherin, N-cadherin, and Vimentin. The results ([Figure 4E](#F0004){ref-type="fig"}) showed that the epithelial-related protein, E-cadherin had increased expression when SBF2-AS1 was downregulated, and the mesenchymal-related protein was decreased. Therefore, SBF2-AS1 promoted the EMT process.Figure 4SBF2-AS1 knockdown promotes GC cell apoptosis and arrests cell in G0/G1 phase. (**A**) The effect of SBF2-AS1 on migration was measured with the wound healing assay at 0 and 24h. (**B**) The wound healing ratio was calculated (\**P*\<0.05). (**C**) The effect of SBF2-AS1 on invasion was measured with the Transwell assay. (**D**) The relative number of invading cells in each group is demonstrated in this graph (\*\**P*\<0.01). (**E**) The epithelial to mesenchymal transition-related proteins, E-cadherin, N-cadherin, and vimentin were measured with Western blot analysis. The bar graphs represent data as the mean ± SD of three repeated experiments.

SBF2-AS1 Is A Target Of miR-302b-3p {#S0003-S2005}
-----------------------------------

Accumulating evidence demonstrated that lncRNAs could be competing endogenous RNAs (ceRNA) for miRNAs,[@CIT0017],[@CIT0018] so we explored whether SBF2-AS1 could sponge miRNAs to promote GC progression. The bioinformatics tool, Starbase v3.0 software, was used to predict the potential ceRNA interaction with SBF2-AS1. For this experiment, miR-302b-3p was identified; a potential binding site that is shown in [Figure 5A](#F0005){ref-type="fig"}. We performed a luciferase assay ([Figure 5B](#F0005){ref-type="fig"}), which showed that miR-302b-3p overexpression significantly inhibited luciferase activity of the wild type SBF2-AS1(SBF2-AS1-WT), but not the mutant SBF2-AS1(SBF2-AS1-MUT). Bioinformatic analyses ([Figure 5C](#F0005){ref-type="fig"}) showed that SBF-AS1expression was negatively correlated with miR-302b-3p expression in the TCGA dataset. Besides, we also detected miR-302b-3p expression in GC cell lines, and miR-302b-3p expression was downregulated in GC cell lines compared with the normal gastric cell lines ([Figure 5D](#F0005){ref-type="fig"}). Moreover, as shown in [Figure 5E](#F0005){ref-type="fig"}, SBF2-AS1 downregulation increased miR-302b-3p expression, while miR-302b-3p downregulation upregulated SBF-AS1 expression, and miR-302b-3p mimics downregulated SBF2-AS1 expression ([Figure 5F](#F0005){ref-type="fig"}). Next, we performed the CCK-8 assay, and the results ([Figure 5G](#F0005){ref-type="fig"}) indicated that miR-302b-3p overexpression significantly suppressed the proliferative capability of the GC cells, and miR-302b-3p inhibitors promoted the proliferative capacity of the MKN28 and HGC27 cells. In addition, miR-302b-3p downregulation reversed the suppressed cell proliferation that was caused by silencing SBF2-AS1 expression ([Figure 5H](#F0005){ref-type="fig"}).Figure 5SBF2-AS1 is a target of microRNA-302b-3p. (**A**) The predicted binding site between SBF2-AS1 and miR-302b-3p is shown. (**B**) Luciferase activity assays in 293T cells co-transfected with miR-302b-3p mimics and the wild-type SBF2-AS1 (SBF2-AS1-WT) or mutant SBF2-AS1 (SBF2-AS1-MUT). (\*\**P*\<0.01). (**C**) The correlation between miR-302b-3p and SBF2-AS1 in GC through TCGA dataset analysis. (**D**) miR-302b-3p expression in different GC cell lines using RT-PCR. (**E**) miR-302b-3p expression in MKN28 and HGC27 cells using RT-PCR after transfecting the cells with the HGC27-short-hairpin loop (sh)-NC, HGC27-sh1, and HGC27-sh2 and targeting SBF2-AS1. (\*\**P*\<0.01). (**F**) SBF-AS1 expression in MKN28 and HGC27 cells using RT-PCR after transfecting with the miR-control, miR-302b-3p mimics, or anti-miR-302b-3p (\**P*\<0.05,\*\**P*\<0.01). (**G**) Cell proliferation was measured with the CCK-8 assays in MKN28 and HGC27 cells after transfecting with the miR-control, miR-302b-3p mimics, or anti-miR-302b-3p (\**P*\<0.05). (**H**) Cell proliferation was measured with the CCK-8 assay in the MKN28 and HGC27 cells transfected as indicated. (\**P*\<0.05).

The E2F Transcription Factor 3 Is A Target Gene Of miR-302b-3p In GC Cells {#S0003-S2006}
--------------------------------------------------------------------------

To explore the potential target gene of miR-302b-3p, starbase v3.0 software ([<http://starbase.sysu.edu.cn/index.php>]{.ul}) was used, and we identified E2F3 as the target for further research. The potential binding site between miR-302b-3p and E2F3 3ʹUTR is shown in [Figure 6A](#F0006){ref-type="fig"}. The luciferase reporter assay was performed to confirm this prediction, and the results ([Figure 6B](#F0006){ref-type="fig"}) showed that miR-302b-3p overexpression could significantly suppress the luciferase activity of the E2F3 3ʹ-UTR wild type but not E2F3 3ʹ-UTR mutant. Moreover, E2F3 mRNA and protein expression were remarkably reduced after miR-302b-3p was overexpressed in GC cell lines ([Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}). And, E2F3 mRNA and protein expression were significantly decreased after silencing SBF2-AS1 ([Figure 6E](#F0006){ref-type="fig"} and [F](#F0006){ref-type="fig"}).Figure 6E2F transcription factor 3 is a target of the microRNA-302b-3p. (**A**) The predicted binding site between the miR-302b-3p and E2F transcription factor 3 (E2F3). (**B**) Luciferase activity in 293T cells co-transfected with the miR-302b-3p mimics and the wild-type E2F3 (E2F3-WT) or mutant E2F3 (E2F3-MUT). (\**P*\<0.05). (**C**) Relative E2F3 mRNA expression after transfecting with the miR-control and miR-302b-3p. (\*\**P*\<0.01). (**D**) E2F3 protein expression after transfecting with the miR-control and miR-302b-3p. (\**P*\<0.05, \*\**P*\<0.01). (**E**) E2F3 mRNA expression after transfecting the cells with the HGC27-short-hairpin loop (sh)-NC, HGC27-sh1, and HGC27-sh2 and targeting SBF2-AS1. (\*\**P*\<0.01). (**F**) E2F3 protein expression of after transfecting with sh-NC, sh1 and sh2 targeting SBF2-AS1. (\**P*\<0.05, \*\**P*\<0.01).

Next, we used functional trials to verify this hypothesis with the transwell assay ([Figure 7A](#F0007){ref-type="fig"}), which showed that cell migration was enhanced by E2F3 overexpression, miR-302b-3p-mimics were able to suppress HGC27 cell migration, and miR-302b-3p inhibited the E2F3 effects on cell migration. Similarly, the E2F3 effects on invasion ([Figure 7B](#F0007){ref-type="fig"}) were also inhibited by miR-302b-3p. And, SBF2-AS1 overexpression using SBF2-AS1 wild-type plasmids could rescue E2F3 expression levels in stable SBF2-AS1-sh1, MKN28, and HGC27 cells; however, SBF2-AS1 mutant plasmids did not have that effect ([Figure 7C](#F0007){ref-type="fig"}), and miR-302b-3p knockdown reversed the reduced E2F3 expression ([Figure 7D](#F0007){ref-type="fig"}). Moreover, we also detected the expression of N-cadherin, E-cadherin and vemintin when overexpressed miR-302b-3p and E2F3, the results ([[Figure S1B](https://www.dovepress.com/get_supplementary_file.php?f=210697.docx)]{.ul}) showed that the mesenchymal-related protein was decreased when overexpression of miR-302b-3p, and overexpression of E2F3 could rescue the expression of the mesenchymal-related protein such as Vimentin and N-cadherin. Thus, demonstrating that SBF2-AS1 functioned through the miR-302b-3p/E2F3 axis.Figure 7SBF2-AS1 functions as a competing endogenous RNA by competitively sponging the microR-302b-3p to regulate the E2F transcription factor 3. (**A**) Cell migration was measured using the transwell assay in HGC27 cells transfected as indicated. (**B**) Cell invasion was measured with the wound healing assay in HGC27 cells transfected as indicated. (\**P*\<0.05, \*\**P*\<0.01). (**C**) E2F3 protein expression was measured with Western blot analysis in MKN28 and HGC27 cells transfected with wild-type SBF2-AS1 (SBF2-AS1-WT), mutant SBF2-AS1 (SBF2-AS1-MUT), and SBF2-AS1-short-hairpin loop (sh)1as indicated. (\**P*\<0.05). (**D**) E2F3 protein expression was measured using Western blot analysis in MKN28 and HGC27 cells transfected with miR-control, miR-302b-3p mimics, anti-miR-302b-3p, and SBF2-AS1-sh1as indicated. (\**P*\<0.05).

Discussion {#S0004}
==========

Recently, it was shown that lncRNAs play an important role in the development of gastric cancer.[@CIT0019],[@CIT0020] In this study, we explored the role of SBF2-AS1 in GC. First, we performed a meta-analysis of the GEO database to find that SBF2-AS1 is highly expressed in gastric cancer and found that high SBF2-AS1 expression was associated with poor prognoses in gastric cancer patients. Subsequently, we found that SBF2-AS1 was overexpressed in gastric cancer tissues using RT-PCR and that SBF2-AS1 was found to be a reliable biomarker through ROC analyses. High SBF2-AS1 expression was associated with lymph node metastases, the depth of tumor invasion, and the TNM stage. Univariate analysis found that SBF2-AS1 was associated with a poor prognosis. Multivariate analysis found that SBF2-AS1 could be used as an independent factor for gastric cancer prognoses. Thus, we concluded that SBF2-AS1 could be used as a reliable molecular biomarker to determine prognoses in GC patients.

Next, we explored the biologic functions of SBF2-AS1 long ncRNAs in gastric cancer. RT-PCR results indicated that SBF2-AS1 was highly expressed in gastric cancer cell lines. Using HGC27 and MKN28 cells for further studies, we found that silencing SBF2-AS1 significantly inhibited GC cellular proliferation, invasion, and metastatic ability, promoted apoptosis, and arrested GC cells in the G0/G1 phase of the cell cycle. Tumorigenic abilities were also inhibited by silencing SBF2-AS1 expression, in vivo. An increasing number of studies found that lncRNAs play a role in the inhibition of tumorigenic abilities by competitively sponging miRNAs,[@CIT0021],[@CIT0022] and several studies have indicated that SBF2-AS1 can function as a tumor promoter by acting as a ceRNA. For example, Li et al[@CIT0016] indicated that SBF2-AS1 promotes hepatocellular cancer progression by competitively sponging miR-140-5p to regulate TGFBR1. To further elucidate the molecular mechanisms of SBF2-AS1 in gastric cancer, we performed a bioinformatics analysis, which predicted that SBF2-AS1 targets miR-302b-3p for binding, while TCGA database analyses found that SBF2-AS1 was negatively correlated with miR-302b-3p expression in GC. Moreover, the luciferase assays confirmed that miR −302b-3p mimics could significantly reduce luciferase activity of SBF2-AS1 WT but not SBF2-AS1 MUT. Silencing SBF2-AS1 increased miR-302b-3p expression. SBF2-AS1 expression was also affected by overexpression or knockdown of miR-302b-3p, miR-302b-3p expression, which significantly reversed the ability of SBF2-AS1 to inhibit tumor cell proliferation in GC cell lines. Therefore, these studies showed that SBF2-AS1 could act as a ceRNA by competitively sponging miR-302b-3p in gastric cancer cells.

Then, we explored how miR-302b-3p functions in gastric cancer. Previous studies[@CIT0023] found that miR-302b-3p is expressed at low levels in gastric cancer and can exert anti-cancer effects by targeting IGF-1R. Similar to previous studies, we also detected miR-302b-3p expression in GC cell lines using RT-PCR and found that miR-302b-3p expression was lower in GC cells than in normal gastric endothelial cells. Bioinformatics analysis suggested that E2F3 could be one of the target genes of miR-302b-3p in gastric cancer. Researchers[@CIT0024]--[@CIT0027] have demonstrated that E2F3 is overexpressed in gastric cancer and can promote the development of gastric cancer. We found that miR-302b-3p mimics could significantly reduce the luciferase activity of WT E2F3 3ʹ-UTR, but not of MUT E2F3 3ʹ-UTR. In addition, silencing or overexpressing miR-302b-3p could reverse E2F3 mRNA and protein expression; and furthermore, we performed gain-or-loss experiments to confirm that E2F3 is one of the target genes of miR-302b-3p.

The relationship between SBF2-AS1 and E2F3 was also analyzed. First, we found that E2F3 mRNA and protein expression was inhibited after silencing SBF2-AS1. Then, SBF2-AS1 overexpression in a cell line with stable and low SBF2-AS1 expression caused an increase in E2F3 expression, which could be attenuated with miR-302b-3p mimics. Together, these results indicated that SBF2-AS1 can exert a cancer-promoting effect by competitively sponging miR-302b-3p to target and regulate E2F3 expression.

In summary, our study found that SBF2-AS1 is overexpressed in gastric cancer tissues and cell lines and was associated with a poor prognosis. The mechanism of SBF2-AS1 in GC is shown in [Figure 8](#F0008){ref-type="fig"}. Silencing SBF2-AS1 can inhibit the proliferation, invasion, and metastasis of GC cells and can arrest GC cells in the G0/G1 phase of the cell cycle and promote apoptosis. In addition, we found that SBF2-AS1 could act as a ceRNA to target and regulate E2F3 expression by competitively sponging miR-302b-3p. This study provides the potential for a new therapeutic target that could be used as a diagnostic and prognostic marker of GC.Figure 8The diagram for the mechanism of SBF2-AS1 in the promotion of gastric cancer cell progression.
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